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bstract
Deformation of viscoelastoplastic bodies in the neutron and thermal fluxes under a one-time loading has been studied previously
n [1–3]. A mathematical model has been set forth in [4] for a cyclic deformation of elastoplastic bodies in a neutron flux. In the
aper [5,6] ferrofluid flow and heat transfer in a semi annulus enclosure is investigated considering thermal radiation. This article
7] explores the effect of thermal radiation on Al2O3–water nanofluid flow and heat transfer in an enclosure with a constant flux
eating element. In the article [8], effect of thermal radiation on magnetohydrodynamics nanofluid flow between two horizontal
otating plates is studied. In the study [8], heat and mass transfer characteristic of unsteady nanofluid flow between two parallel
lates is investigated considering thermal radiation.
This study considers the process of a combined effect of the heat, radiation and force cyclic loads on a viscoelastoplastic laminated
ody within the frames of the theory of small elastoplastic deformations.
 2016 The Author. Production and hosting by Elsevier B.V. on behalf of Taibah University. This is an open access article under
he CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
eywords: Viscoelastoplastic bodies; Cyclic loading; Three-layer beam
.  Introduction
When exposed to neutrons, ions or electrons mechanical properties of materials of design elements, such as hardness,
ield point, plasticity and creep undergo variations. Neutron  irradiation  is of special interest for us. According to
xperimental data, intensification neutron flux I  = ϕt  (ϕ  – intensity of radiation, t – time) within the limits of lowPlease cite this article in press as: A.D. Zeyad. Viscoelastoplastic bodies under cyclic loading in thermal-radiation fields, J.
Taibah Univ. Sci. (2016), http://dx.doi.org/10.1016/j.jtusci.2016.04.007
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ε   , %Fig. 1. Presents the creep curves for zirconium alloy “Zircaloy-2” [9], where: curve 1 – unirradiated, 2 – irradiated in the reactor of intensity
ϕ0 = 5 × 1016 neutron/(m2 s); dashed line – calculations. The strain in the tests was 140 MPa and temperature 573 K. The curve bends marked by a
cross correspond to the short-term temperature variations.
deformations results usually in increased radiation-induced hardening of the material and the yield point growth. To
analyze the radiation-induced increase of the material yield point, the following formula is suggested:
σy =  σy0[1 +  A(1 −  exp(−ξI))1/2],
where σy, σy0 are yield points of the exposed and unexposed materials; A, ξ – constants of the material determined
experimentally.
The exposure of solid bodies to neutron fluxes is accompanied by the appearance of additional bulk deformation
θI and radiation-induced work-hardening of the material leading to a reduced velocity of dislocations and creep
deceleration. The resultant increment of the point defects speeds up the creep to a still greater degree. For instance, the
creep of uranium is intensified by a factor of 50–100 [5,6].
There is lack of information on the creep of integral materials due to experimental obstacles in measuring small
deformations in conditions of exposure in the reactor. Fig. 1 presents the creep curves for zirconium alloy “Zircaloy-
2” [9], where: curve 1 – unirradiated, 2 – irradiated in the reactor of intensity ϕ0 = 5 ×  1016 neutron/(m2 s); dashed
line – calculations. The strain in the tests was 140 MPa and temperature 573 K. The curve bends marked by a cross
correspond to the short-term temperature variations. The phenomenon of intensified by radiation creep is accompanied
by the intensified stress relaxation in just as separable so integral materials. Two main mechanisms of accelerated
radiation-induced creep are known at present. The first one is generated by the elevated concentration of defects in the
crystalline lattice, which intensifies diffusion processes, in particular, the process of dislocation climb, since dislocations
are known to be a sink of the access radiation point defects. The other process is related to the radiation-induced growth
of crystals making up the polycrystalline body, during which alterations in linear dimensions of the crystals may reach
tens of percents.
2.  Homogeneous  viscoelastoplastic  bodies
Let us consider a body that is initially homogeneous, isotropic and occupies a half-space z  ≥  0. When the neutrons
of a similar mean energy and intensity ϕ0, neutron/(m2 s) fall on a boundary (z  = 0) parallel to z axis, then the intensity
of the flux of neutrons reaching the plane z  = const will be as follows [4]
φ(z) =  φ0e−μz.  (1)
The efficient macroscopic section is denoted as μ, which for any chemical element is μ  = σn0 = σ0A0ρ/A  and of
the order of 1/cm, where σ0 is the efficient section related to a nucleus, n0 – nuclei number per 1 cm3, A0 – AvogadroPlease cite this article in press as: A.D. Zeyad. Viscoelastoplastic bodies under cyclic loading in thermal-radiation fields, J.
Taibah Univ. Sci. (2016), http://dx.doi.org/10.1016/j.jtusci.2016.04.007
constant, ρ  – density, A  – atomic weight.
If ϕ0 is independent of time, then according to (1), an integral flux will flow by the moment t through the section
I(z,  t) =  φ0te−μz (2)
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We may roughly accept that the variation in the substance volume is directly proportional to the integral flux I(z)
nd, consequently, θI = BI(z), where B  is the constant obtained from the experience [4]. To take into account the effect
f the neutron radiation on the viscous properties of materials in the problems of the mechanics of deformed bodies,
e take the relaxation kernel [1] in the form
Rφ(t,  φ) =  g(φ(z,  t))R(t),  (3)
here R(t) – relaxation kernel of the unirradiated material; g(ϕ) – experimentally determined function of the material;
(z, t) – flux intensity; t – time.
The stress versus strain relation in a viscoelastoplastic body with account of interactions between the thermal and
eutron fluxes is of the kind
sij =  2G(T  )
(
f1(εu,  T,  I)ij −
∫ t
0
Rφ(t  −  τ)f2(εu,  T  )ij(τ)dτ
)
;
σ =  K(T  )(θ  −  3α0T  −  BI).
(4)
here sij = σij −  σδij – stress tensor deviator ij; эij = εij − εδij – strain tensor deviator εij; σ = σkk/3 – mean (hydrostatic)
tress; θ  = εkk – cubic deformation (as a total over the replicate index k  = 1, 2, 3); δij – Kronecker symbols; G, K  –
emperature-dependent shear modules and cubic deformation; α0 – coefficient of linear temperature elongation; f1(εu,
, I) – plasticity function dependent on strain intensity εu, temperature increment T and the neutron flux value I; f2(εu,
) – universal function of physical nonlinearity. In this case, we accept that f1 = 1 if εu ≤  εy(T, I), and f2 =1 = 1 if εu ≤
u0(T). The formulas for the yield point εy dependence on temperature and the neutron flux value, as well as that of
he physical nonlinearity limit εu0 on temperature are described in [1,2].
What concerns determination of function g(ϕ) based on the known experimental data, we can state that in the case
f a constant neutron flux intensity ϕ0 = const the function g(ϕ0) is independent of time. So, with account of (3) we
an take this value outside the integral sign in (4). Then, using above relation for the curves shown in Fig. 1, we can
btain in the absence of physical nonlinearity (f1 = f2 = 1) the next formula
g(φ0) = 
(2)
12 −  s12/2G
(1)12 −  s12/2G
= 
(2)
12 −  ε12(0)
(1)12 −  ε12(0)
.
The superscript means the curve number, ε12(0) – instant strain value. We can take for zirconium alloy in the
onsidered case that g(ϕ0) = 1.18. Hence, the neutron radiation has increased viscous properties of the material by
8%.
.  Inhomogeneous  viscoelastoplastic  bodies  under  variable  loading
We admit that a plane laminated inhomogeneous viscoelastoplastic body (x  = x1, x2, z) is loaded at t  ≤  t1 by the
olume Fik(x, t) and surface forces Rik(x, t). Simultaneously, thermal qt and neutron ϕ0 fluxes are falling perpendicularly
n the surface of the body. The temperature on the kth layer Tk(z, t) is calculated by the known formulas [1,3], while
he integral neutron flux Ik(z, t) is calculated by relation (3). Variations in the elasticity modulus due to the neutron
adiation are neglected.
Evidently, named phenomena lead to formation of the regions of both linear and nonlinear deformations in the layers
f the body. The stresses σ′(k)ij (x, t), strains ε′(k)ij (x, t) and displacements u′(k)i (x, t) arising in the body are primed in
he equations. They meet the differential equations, boundary conditions on the surface S(k) =  S(k)u +  S(k)σ and Cauchy
elations:
σ′(k)ij ,j +  ρF ′ik =  0; σ′(k)ij lj =  R′ik Ha S(k)σ ; u′(k)i =  u′(k)0i Ha S(k)u ; 2ε′(k)ij =  u′(k)i ,j +  u′(k)j ,i.  (5)
Here and further the comma in the subscript means differentiation over the next after it coordinate.
There are the following dependences in the zones of the total physical nonlinearity:Please cite this article in press as: A.D. Zeyad. Viscoelastoplastic bodies under cyclic loading in thermal-radiation fields, J.
Taibah Univ. Sci. (2016), http://dx.doi.org/10.1016/j.jtusci.2016.04.007
s′(k)ij =  2Gk(Tk)
(
f
(k)
1 (ε′(k)u ,  Tk, I)′(k)ij −
∫ t
0
Rφk(t  − τ)f (k)2 (ε′(k)u ,  Tk)′(k)ij (τ)dτ
)
;
σ′(k) =  Kk(Tk)(θ(k) −  3α0kTk −  BI).
(6)
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We shall accept that the universal functions f (k)1 (ε′(k)u ,  Tk, I) =  1 if ε′(k)u ≤  ε(k)y (Tk,  I), and f (k)2 (ε′(k)u ,  Tk) =  1 if
ε′(k)u ≤ ε(k)u0 (Tk); Rϕk(t, ϕ), where 0k – relaxation kernel and the coefficient of the linear thermal expansion of the kth
layer material.
For definiteness we shall take that ε(k)y (Tk, I) >  ε(k)u0 (Tk), i.e., plastic deformation is preceded by a physically nonlinear
creep. Notice, that the neutron radiation increases the yield point of the material. Then, there can be formed the strain
regions in which the creep is already nonlinear physically, while the plastic deformations have not yet appeared
(ε(k)u0 ≤  ε′(k)u ≤  ε(k)y (partial nonlinearity), and the following relations are met:
s′(k)ij =  2Gk(Tk)
(
′(k)ij −
∫ t
0
Rφk(t  −  τ)f (k)2 (ε′(k)u ,  Tk)′(k)ij (τ)dτ
)
;
σ′(k) =  Kk(Tk)(θ(k) −  3α0kTk −  BI).
(7)
Besides, the zones of physically linear state may remain in the body, (ε′(k)u ≤  ε(k)u0 ), where
s′(k)ij =  2Gk(Tk)
(
′(k)ij −
∫ t
0
Rφk(t  −  τ)′(k)ij (τ)dτ
)
;
σ′(k) =  Kk(Tk)(θ(k) −  3α0kTk −  BI).
(8)
The corresponding conditions f (k)1 (ε′(k)y ,  Tk, I) =  1 and f (k)2 (ε′(k)u0 ,  Tk) =  1 should be met on the boundaries of named
zones since the equations of state (6)–(8) should transfer one into another continuously.
Let the external forces vary from the moment t  = t1, so that all points of the body experience unloading followed by
alternating loading with the volume Fik′′ (x) and surface Rik′′ (x) forces. We shall admit that the temperature in the whole
body in the course of unloading and reverse loading remains constant and equal by the moment of unloading t1 to
the field temperature T1k(x) = Tk(x, t1), while the radiation-induced work-hardening of the material reaches a threshold
[10], whereupon the strain yield point undergoes no changes and equals to ε(k)y (Tk1, I1) =  ε′(k)y =  const  (I1 = ϕt1),
although the defects continue to appear under the neutron flow effect. We also consider that plastic strains during the
second loading half-cycle arise only in the regions not subjected to plastic deformations previously.
Let us double prime the corresponding stresses, strains and displacements ′′(k)ij (x,  t), ε′′(k)ij (x,  t), (u′′(k)i )(x,  t), and
introduce differences in all points of the layers (x  coordinates will not be indicated further):
σ
(k)∗
ij (t∗) =  σ′(k)ij (t) −  σ′′(k)ij (t∗),  ε(k)∗ij (t∗) =  ε′(k)ij (t) −  ε′′(k)ij (t∗),  u∗(k)i =  u′(k)i (t1) −  u′′(k)i (t∗),
F∗ik(t∗) =  Fik(t1) −  Fik(t∗),  R∗ik(t∗) =  R′ik(t1) −  R′′ik(t∗),  u∗(k)0i =  u′(k)0i (t1) −  u′′(k)0i (t∗),
t∗ =  t −  t1 >  0,  (9)
where σ′(k)ij , ε′
(k)
ij и  u
∗(k)
i – stress, strains and displacements under a constant external load at a moment t1.
For the values marked by an asterisk we shall introduce in a general case the equalities of state (6) of the following
type:
s
(k)∗
ij =  2Gk(Tk1)
(
f
(k)∗
1 (ε(k)∗u , Tk1, I1)(k)∗ij −
∫ t∗
0
Rφk(t∗ −  τ)f (k)∗2 (ε(k)∗u ,  Tk1)(k)∗ij (τ)dτ
)
;
σ(k)∗ =  3Kk(Tk1)ε(k)∗.
(10)
Here, the nonlinearity functions of the material of the kth layer f (k)∗1 (ε(k)∗u , Tk1,  I1),  f (k)∗2 (ε(k)∗u ,  Tk1) should be made
equal to a unity in the case the corresponding strain rates are ε(k)∗u ≤  ε(k)∗y (Tk1,  I1) or ε(k)∗u ≤  ε(k)∗u0 (Tk1). The limiting
values for the asterisked quantities are found via the yield points and linear creep of the material under the loading from
the natural state ε(k)∗y =  β(k)2 ε′(k)T (T (k)1 ,  I1),  ε(k)∗u0 =  χ(k)2 ε′(k)u0 (Tk1), where β(k)2 , χ(k)2 are the work-hardening parameters in
the second half-cycle of loading found for the kth layer material experimentally.Please cite this article in press as: A.D. Zeyad. Viscoelastoplastic bodies under cyclic loading in thermal-radiation fields, J.
Taibah Univ. Sci. (2016), http://dx.doi.org/10.1016/j.jtusci.2016.04.007
Named relations will be also true for the asterisked equations (9) due to nonlinearity of the strain to displacement
relationship in the equations of equilibrium and boundary conditions (5):
σ
(k)∗
ij ,j +  ρkF∗ik =  0; σ(k)∗ij lj =  R′∗ik on S(k)σ ; u(k)∗i =  u(k)∗0i on S(k)u ; 2ε(k)∗ij =  u(k)∗i ,j +  u(k)∗j ,i.  (11)
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Let us now suppose that the universal functions f (k)1 (ε′(k)u , Tk, I) and f (k)2 (ε′(k)u ,  Tk), so f (k)∗1 (ε(k)∗u ,  Tk1, I1) and(k)∗
2 (ε(k)∗u ,  Tk1) can be in pairs presented in a similar analytical form by using different constants αkl, βkl and α∗kl, β∗kl
or approximation formulas, i.e.,
f k∗1 =  f k1 (εk∗u ,  εk∗y , T k1 ,  I1, α∗kl),
f k∗2 =  f k2 (εk∗u , εk∗y , T k1 ,  I1, β∗kl).
(12)
In this case, the boundary problem for the asterisked values (8)–(11) coincides with a boundary one for some
ctitious viscoelastoplastic body that is loaded isothermally from its natural state by the external forces Fik*, Rik*.
otice that, the fictitious body coincides geometrically with the considered one. Its viscoelastoplastic properties are
haracterized by variable over coordinates shear modulus Gk1(z) = Gk(T1(z)), bulk modulus Kk1(z) = Kk(T1(z)) and
niversal nonlinearity functions (12). If the problem on deformation of a heterogeneous viscoelastoplastic body is
olved, then the displacements sought follow from relations (9). Hence, the solutions for the asterisked values can
e found from the known solution of the problem where the loading proceeds from the natural state by using some
ubstitutions. For instance, if we know that u′i =  u′i(x,  ε′u,  ε′T,  I,  a′k), then the corresponding asterisked displacement
ill be u∗i =  u′i(x,  ε∗u,  ε∗T, I1,  a∗k), and the sought displacement in the second half-cycle of the alternate loading follows
rom Eq. (11) u′′i =  u′i −  u∗i . The stresses and strains are determined by similar relations.
A similar procedure is used to prove the theorem for any nth alternate loading. The physical equations of state in
he regions considered (linearity, nonlinear creep, viscoelastoplasticity) for a kth layer can be written in the next form
we omit k  index for simplicity)
s∗nij =  2G1
(
∗nij −
∫ t∗n
0
Rφ(t∗n −  τ)∗nij (τ)dτ
)
,  ε∗nu ≤  ε∗nu0;
s∗nij =  2G1
(
∗nij −
∫ t∗n
0
Rφ(t∗n −  τ)f ∗n2 (ε∗nu ,  T1)∗nij (τ)dτ
)
,  ε∗nu0 ≤  ε∗nu ≤  ε∗nT ;
s∗nij =  2G1
(
∗nij f ∗n1 (ε∗nu ,  T1, I1) −
∫ t∗n
0
Rφ(t∗n −  τ)f ∗n2 (ε∗nu , T1)∗nij (τ)dτ
)
,  ε∗nu ≥  ε∗nT ;
σ∗n =  3K1ε∗n,  t∗n =  t −  tn−1
(13)
We attach relations (11) to Eqs. (13). Then, above-mentioned reasoning is used for the case of the alternate loading
fter the first unloading. The asterisked values
σ∗nij =  (−1)n(σn−1ij −  σnij),  ε∗nij =  (−1)n(εn−1ij −  εnij)
re found from the known analytic or numeric solution of the boundary problem for the previous loading (n  −  1) using
bove-mentioned substitutions. Hence, if, e.g.
σ∗ij =  fij(x,  t∗n,  R∗in, F∗in, α∗kn,  β∗kn, ε∗n, ε∗s0n, .  . .), ε∗ij =  φij(x,  t∗n,  R∗in, F∗in, α∗kn,  β∗kn,  ε∗n,  ε∗s0n,  .  . .),
he sought stresses σnij and strains εnij will be found from the formulas
σnij =  σ′ij −
n∑
k=2
(−1)kσ∗kij ,  εnij =  ε′ij −
n∑
k=2
(−1)kε∗kij .
The result obtained presents a theorem on cyclic loading of the laminated viscoelastoplastic bodies in a thermal-
adiation field. This theorem is analogous to the ones on the alternate loading of viscoelastoplastic bodies in the
emperature field [3,10].
.  An  examplePlease cite this article in press as: A.D. Zeyad. Viscoelastoplastic bodies under cyclic loading in thermal-radiation fields, J.
Taibah Univ. Sci. (2016), http://dx.doi.org/10.1016/j.jtusci.2016.04.007
Let us consider a three-layer symmetric through thickness bar whose outer bearing layers are made of a metal, while
ncompressible through thickness inner layer (filler) is a polymer. To describe kinematics of the pack we accept the
ext hypotheses: the hypothesis of a broken line; the bearing layers obey Kirchhoff’s hypotheses; the normal in the
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ϕ 0Fig. 2. A three-layer symmetric through thickness bar whose outer bearing layers are made of a metal, while incompressible through thickness inner
layer (filler) is a polymer.
filler stays rectilinear and invariable in length but turns by some additional angle ψ(x); х  is the coordinate along the bar
axis (Fig. 2). The bearing layers are viscoelastoplastic, and the filler is nonlinearly viscoelastic. The stresses, strains
and displacements in the layers of the bar obey the relations (5)–(8). It is also supposed that the temperature Tk(t) and
intensity of the neutron flux ϕ0k are averaged over the kth layer thickness:
Tk(t) = 1
hk
∫
hk
T  (z,  t)dz,  φ0k = 1
hk
∫
hk
φ(z)dz  = φ0
hk
∫
hk
e−μzdz.
We shall denote the corresponding integral flow and the correction for the relaxation kernel (4) as Ik(t) = ϕ0kt  and
gk = g(ϕ0k).
Static and dynamic deformation of elastic rods considered in [11–13]. Physically nonlinear elastic-plastic deforma-
tion of sandwich beams is studied in [14–17].
The analytic solution of the corresponding problem of the elasticity theory is described elsewhere [1,14]. In this work
we also use the formulas for the recurrent solution of the problem on loading of the concerned viscoelastoplastic beam
from the natural state in the temperature field. These formulas were derived from the elastic solutions. The formula
for our problem looks like the described one, in which we make the allowance for the neutron radiation effect on the
yield point and relaxation kernel of the layer materials, and add the value BkIk to the bulk temperature deformation.
The numeric investigations of a repeated alternate loading of a three-layer bar have employed above-described
theorem on cyclic loading of viscoelastoplastic bodies in a thermal-radiation field. The material of the bearing layers
was aluminum alloy D16T and the filler was a fluoroplastic. The respective mechanical characteristics of the materials
are presented in [1]. The loading was considered to be evenly distributed over the external surface of the three-layer
bar with a cantilevered left end. The value of this load, the intensity of the heat and neutron fluxes (I1 =  1 ×  1024 m−2),
their time of action (from the natural state t1 = 60 min, and time of the alternate half-cycle t2 = 60 min) as well as the
geometrical parameters were chosen so as to visualize the nonlinear, thermo physical and rheonomic properties of the
materials in a best way. The temperature on the external surface of the bar did not exceed 526 K, so that we could use
the known Bell’s linear formula to calculate variations in the elastic parameters, which is described together with the
dependencies of the yield point and physical nonlinearity versus temperature in [2,3].
The neutron exposure was simulated by a 20% yield point increase and creep acceleration by 18% (g1 = 1.18) in
the external layer in which the whole flux was to be realized.
Fig. 3 illustrates bending w  (a) and relative shear in the filler ψ  (b) calculated using different physical equations of
state (one prime – straight loading, two primes – reverse one), 1 – elastic bar, 2 – elastoplastic bar; 3 – viscoelastoplastic
bar in the temperature field; 4 – viscoelastoplastic bar in the temperature field with account of radiation work-hardening;
5 – viscoelastoplastic bar in the thermal-radiation field.
The allowance for the elastoplastic properties of D16T alloy and instantaneous nonlinearity of the fluoroplastic
under loading from the natural state results in the increased rated elastic bending by 10%. This difference can be
much more if to augment the force loading, although there appears a danger of exceeding the frames of the theory
of small elastoplastic strains under the temperature field effect. Within time t1 of a joined thermal and force loading
the bending of the viscoelastoplastic bar makes up 197% of the elastic one. The relative shear in the filler increases,Please cite this article in press as: A.D. Zeyad. Viscoelastoplastic bodies under cyclic loading in thermal-radiation fields, J.
Taibah Univ. Sci. (2016), http://dx.doi.org/10.1016/j.jtusci.2016.04.007
correspondingly, by 28%. When the radiation work-hardening is taken into account, the bending reduces by 8% and
shear in the filler by 6%. The effect of the neutron flux on the material viscosity increases bending 3 by 12% and shear
by 8%.
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Fig. 3. Illustrates bending w (a) and relative shear in the filler ψ, (b) calculated using different physical equations of state (one prime – straight
loading, two primes – reverse one), 1 – elastic bar, 2 – elastoplastic bar; 3 – viscoelastoplastic bar in the temperature field; 4 – viscoelastoplastic bar
in the temperature field with account of radiation work-hardening; 5 – viscoelastoplastic bar in the thermal-radiation field.
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Fig. 4. Illustrates above results where the distribution of the plastic zones and physically nonlinear deformations are shown in a longitudinal section
of the three-layer bar under a force loading from the natural state.
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sFig. 5. 60 min later, and the zone of plastic deformation in a physically non-linear bar layers substantially increase due to temperature rise.
The maximal bending of the viscoelastoplastic bar during the second half-cycle 2′′ differs but little from that from
he natural state 2′, since the cyclic strain-hardening of duralumin is only 1% [7,8]. Bending of the viscoelastoplastic
ar 3′′ surpasses the initial one 3′ because the temperature in the first half-cycle has raised from the room one till Tk(t)
n the bar layers, which is manifested by the nonlinearity function f (k)2 (ε′(k)u , Tk) in the hereditary relations (6) and (7).
otice, that during the second half-cycle it remains equal to its maximal value before unloading. The allowance for the
adiation work-hardening and the effect of the neutron flux on viscosity of the material reduces and, correspondingly,Please cite this article in press as: A.D. Zeyad. Viscoelastoplastic bodies under cyclic loading in thermal-radiation fields, J.
Taibah Univ. Sci. (2016), http://dx.doi.org/10.1016/j.jtusci.2016.04.007
ncreases bending of the viscoelastoplastic bar roughly equally in both half-cycles.
Fig. 4 illustrates above results where the distribution of the plastic zones and physically nonlinear deformations are
hown in a longitudinal section of the three-layer bar under a force loading from the natural state.
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60 min later, and the zone of plastic deformation in a physically non-linear bar layers substantially increase due to
temperature rise (Fig. 5). Field of plastic deformation is negligible, and therefore the creep affects its radiation more
strongly than the radiation hardening material.
5.  Conclusions
The theorem on cyclic loading of the viscoelastoplastic bodies in a thermal-radiation flux has simplified essentially
the solution of the whole class of boundary problems. It is, however to be underlined that there exist limitations on its
application. Firstly, the maximal level of neutron exposure should not bring about loosening of the substance. Secondly,
each half-cycle should meet the conditions of a simple loading and the strains should be small.
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